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FOREWORD 


She  research  reported  herein  mi  sponsored  by  tne  Air  Force  Rocket  Pro¬ 
pulsion  Laboratory,  Research  and  Technology  Division,  Edvards  Air  Force 
Base,  California,  under  Contract  AF04(6ll)-ll620. 

this  prcg.'a*  is  being  conducted  in  the  Chenical  Research  Section  of  the 
Books t4yne  Research  Division;  Dr.  J.  Silveman  is  the  Program  Manager  and 
Or.  S.  F.  C.  Cain  is  the  Project  Scientist.  The  principal  areas  of  study 
and  the  corresponding  assigned  personnel  sre  as  follows: 

Phase  I:  Compound  Formation  ihaae  II: 

Dr.  A.  E.  Axvorthy 
(Responsible  Sciontiat) 

Dr.  V.  Nigh 

Dr.  H.  Schnlts 


lhasc  III  A  Compound  Solubility  Phase  V: 

/  and 

Phase  IY:  J  Compound  Elimination 

Dr,  C.  Fujikawa 
(Bsapcasible  Scientist) 

Dr.  F.  Guilder  loy 

Dr.  E  Schnlts 

This  report  i*a*  been  assigned  the  Rocketdyne  report  No.  U-E702-2. 

Publication  of  tiis  report  doea  not  constitute  Air  Force  approval  of  the 
report's  findings  or  conclusions.  It  is  published  only  for  the  exchange 
and  stimulation  of  ideas. 
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ABSTRACT 


Second  quarter  progress  is  reviewed  on  a  12-sonth  program  to  ascertain 
methods  for  the  elimination  of  the  corrosion  products  in  NgO^  (iron-nitrate- 
containing  species)  which  are  responsible  for  the  phenomenon  of  "flow  decay." 

Studies  on  the  rate  and  mechanism  of  solution  of  iron  in  anhydrous  NgO^ 
are  described.  Nuclear  magnetic  resonance  and  electron  resonance  spec¬ 
troscopy  studies  of  the  solvated  iron  nitrate  species  are  presented. 

Compounds  of  the  type  FeCNO^)^’*^^  have  been  synthesized  and  purified. 

The  properties  of  these  materials  have  been  found  to  match  the  properties 
of  the  flow  decay  substance.  Solubility  studies  of  the  "synthetic"  flow  de¬ 
cay  material  in  anhydrous  NgO^,  NgO^  containing  NO,  and  NgO^  containing 
small  quantitiee  of  HgO  have  been  initiated  and  are  discussed  in  detail. 
Preliminary  experiments  have  indicated  possible  candidate  coordinating 
agents  for  further  investigation. 

A  flow  bench  designed  to  study  this  phenomenon  is  being  constructed. 

Design  considerations  are  discussed. 
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PHASE  I;  COMPOUND  FORMATION 


The  objective  of  this  task  is  to  determine  the  mechanism  of  formation  of 
species  involved  in  the  flow-decoy  process.  The  initial  effort  has  centered 
on  a  study  of  the  rate  and  mechanism  of  solution  of  iron  in  anhydrous  N^O^. 
Metallic  iron,  some  of  its  alloys,  and  iron  oxidr>  have  been  investigated. 

The  effect  of  added  water  or  NO,  and  temperature  variation  on  formation  of 
the  compounds  will  be  investigated. 

One  approach  to  determining  the  mechanism  of  formation  of  the  iron  species 
in  No0^» probably  solvated  iron  nitrates,  is  tc  study  the  kinetics  of  the 
dissolution  of  iron-containing  metals.  The  initial  series  of  experiments 
was  designed  to  determine  the  nature  of  this  process  in  anhydrous  N,,0^. 


DISCUSSION  AND  RESULTS 

Dissolution  of  Iron  Powder 


Experiments  conducted  at  21  C  in  the  glass/Teflon  reaction  coll  described 
in  Ref.  1  have  been  completed.  Five  grams  of  iron  powder  were  added  to 

113  grams  of  anuydrous  iron-free  No0^  (<0.1  ppm  Fe  and  <0.01  ppm  water) 
and  the  mixture  was  stirred  continually  with  a  glass-coated  magnetic 
stirrer.  Filtered  1-millilitcr  aliquots  of  were  withdrawn  at  0.5, 

6,  96,  and  240  hours  and  were  analysed  for  total  iron.  The  results  obtained 
are  presented  in  Fig.  1.  The  concentration  of  total  iron  in  the  N„0, 
reached  a  concentration  of  approximately  1.5  ppm  after  several  hours  and 
then  remained  approximately  constant. 

Because  several  experimental  difficulties  were  encountered  with  the  gl* ••/ 
Teflon  apparatus,  an  ampoule  technique,  described  in  detail  in  the  Experi¬ 
mental  Procedure  Section,  was  adopted.  The  difficulties  with  the  giaaa/ 
Teflon  apparatus  involved  (l)  the  possibility  of  laakaga,  (2)  the  required 


1 


2.0 


capacity  of  the  cooling  system,  and  (3)  mechanical  problems  with  the 
method  of  temperature  control  employed.  There  is  no  basis,  however,  for 
rejecting  the  experimental  results  reported  in  Fig.  1. 

Samples  of  irou  powder  and  are  sealed  in  one  end  of  an  ampoule  which 

contains  a  fritted  glass  disk  at  the  center.  In  this  procedure,  no  agita¬ 
tion  of  the  sample  is  provided.  At  the  conclusion  of  each  experiment, 
the  is  filtered  through  the  disk  to  separate  it  from  the  iron  powder, 

hydrolyzed  in  water,  and  analyzed  for  total  iron.  Using  this  technique, 
each  ampoule  provides  one  datum  point. 

Two  series  of  experiments  we-e  conducted  at  30  C  in  which  0.5  gram  0/  iron 
powder  was  placed  in  contact  with  10  grams  of  anhydrous  iron-free  in 

each  ampoule.  The  results  are  shown  in  Fig.  2.  The  same  trend  appeared  as  in 
the  experiments  above,  i.e.  ,  a  rapid  increase  in  the  concentration  of  total 
soluble  iron  to  a  relatively  constant  value.  However,  the  final  irou  con¬ 
centrations  were  lower  (about  0.5  and  1.0  ppm,  respectively),  and  the  pre- 
s usably  identical  series  of  experiments  shown  in  Fig.  2  did  not  yield  the 
same  final  concentration.  The  reason  for  the  nonreproducibility  in  these 
two  series  of  experiments  has  not  been  established.  Although  the  same 
batch  of  purified  wes  u8ec*  in  all  of  the  experiments  reported  in 

Fig.  2  through  n,  the  results  suggest  that  some  parameter  other  than  those 
being  controlled  may  be  important.  This  poiut  will  be  investigated  further. 

The  observed  time  dependence  of  the  iron  concentration  in  theae  initial 
experiments  is  compatible  with  several  possible  mechanisms.  A  coating 
which  is  readily  soluble  in  may  be  present  initially  on  the  surface 

of  the  metal.  A  more  likely  possibility,  however,  is  that  the  metal  dis¬ 
solves  rapidly  until  a  passive  film  is  form  d .  Another  possibility  is 
that  the  iron  species  formed  reaches  a  solubility  limit  in  H*** 

last  mechanism  is  supported  by  the  results  obtained  in  Phase  III  where 
the  synthetic  solvated  iron  nitrate  was  found  to  be  soluble  to  an  extent 
similar  to  that  obtained  here  with  iron  powder  (based  on  the  concentra¬ 
tion  of  total  iron).  If  the  surface  of  the  metal  became  coated  with  an 
insoluble  material,  the  observed  concentration  plateau  could  be  reached 
without  excessive  precipitation  or  redepoaition  of  insoluble  material. 
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Figure  2.  Dissolution  of  Iron  Powder  in  NgOt  *t  50  C 
(Aapoule  Technique,  0.5  graa  Fe/lO  grass  N, 


Dissolution  of  Iron  Fowdsr  in  MgO^  st  30 
(Aapoulo  Technique,  0.1  groat  Pe/10  gran 


If  a  solubility  limit  is  involved,  the  final  concentration  under  a  fires 
set  of  conditions  would  be  independent  of  the  aaount  of  surface  available. 

If  cnly  a  passive  film  is  fo rated ,  the  iron  concentration  at  which  the  rate 
of  increase  becomes  slow  should  be  proportional  to  the  surface  area.  To 
test  this  point,  an  anpoule  experiment  was  run  at  JO  C  with  only  0.1  gram 
of  iron  powder  present  in  10  grams  of  the  anhydrous  NgO^.  The  results 
shown  in  Fig.  3  indicate  that  the  iron  concentration  levela  off  at  about  0.5 
ppm  in  this  experiment.  The  results  in  Fig.  3  (0.1  gram  iron)  indicate 
that  reducing  the  available  surface  area  by  a  factor  of  five  diminishes 
the  iron  concentration  only  by  a  factor  of  two,  if  compared  to  aories  1 
of  the  high  surface  area  experiments  (Fig.  2);  if  compared  to  serios  II 
(Fig.  2),  no  difference  is  noted.  The  results  thus  far  suggest  that  sur¬ 
face  area  may  not  be  the  predorairent  factor.  If  this  is  the  case,  the 
solubility  limit  mechanism  would  be  favored  over  the  passive  film  mechanism. 


Dissolution  of  Iron  Oxide  Powder 


The  solubility  and  rate  of  dissolution  of  iron  oxide  was  studied  because 
the  alloys  of  interest  may  have  an  initial  oxide  coating  or  form  suefc  a 
coating  during  contact  with  NgO^.  A  series  of  aaponle  experiments  was 
conducted  in  which  0.05  gram  of  FSgO^  powder  was  placed  in  10  grams  of 
anhydrous  NgO^  and  then  filtered  out  before  analysis.  The  results  are 
shown  in  Fig.  4.  The  final  concentration  of  iron  was  small,  being  only 
slightly  greater  than  the  detectability  limit  of  the  analytical  method. 
With  NgO^  samples  of  only  10  grams,  the  uncertainty  of  the  chemical  analy¬ 
sis  for  total  iron  is  about  10.1  ppm  (about  1  microgram).  No  explanation 
is  apparent  for  the  decrease  in’  iron  concentration  observed  after  the 
first  few  hours  during  the  experiments  with  the  oxide  powder. 


Dissolution  of  Iron  Alloys 


The  rate  of  formation  of  aolnble  iron  when  stael  disks  are  immersed  in 
N^was  measured  using  s  modification  of  the  ampoule  technique.  The  disks 
were  l/l6  inch  thick  and  3/8  inch  in  diene  ter  and  weighed  approximately 
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2.3  grans.  Each  disk  was  sealed  Id  an  anpoule  containing  11  to  14  grans 
of  the  purified  No0^.  A  fritted  glass  filter  was  not  incorporated  in 
these  anpoules.  The  steel  disks  were  ainply  removed  from  the  solution 
before  analysis.  Hie  following  results  were  obtained  at  30  C: 


Sample  in  No0^ 

Contact  Time, 
weeks 

Iron, 

None 

0.1 

304  Stainless  Steel 

1 

0.3 

2 

1.2 

3 

0.6 

316  Stainless  Steel 

1 

0.3 

1018  Carbon  Steel 

1 

2.7 

It  would  appear  that  further  experiments  will  have  to  be  conducted  with 
these  alloys  before  any  definite  conclusions  can  be  drawn.  The  decrease 
in  iron  concentration  during  the  third  week  suggests  precipitation  or 
redeposition  of  the  species  which  had  formed;  but  it  may  also  be  the  result 
of  Experimental  error.  Further  experiments  with  1018  carbon  steel  are  in¬ 
dicated  to  determine  if  the  high  iron  solubility  of  2.7  ppm  is  real  and, 
if  so,  what  is  the  dissolution  mechanism  involved. 


EXPERIMENTAL  PROCEDURE 

Aliquot  Technique 

The  glass/Teflon  apparatus  used  for  this  procedure  was  described  in  Ref.  1. 
Several  problems  (previously  discussed)  were  encountered  with  this  system, 
and  it  was  abandoned  in  favor  of  the  ampoule  technique. 


Ampoule  Technique 

The  sealed  ampoule  tochnique  has  the  advantage,  particularly  for  long¬ 
term  experiments,  of  eliminating  the  possibility  of  leakage  and  contamina¬ 
tion.  A  schematic  of  a  typical  ampoule  is  shown  in  Fig.  3.  The  ampoules 
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Figure  $.  IJrm  AapmU 


are  constructed  of  fyrex,  and  the  fritted  glass  disk  has  a  pore  size  of 
about  1?  Microns. 

All  glassware  is  cleaned  thoroughly  with  hot  HC1 ,  rinsed  with  1:1  HC1/ 
demineralized  water,  rinsed  with  demineralized  water,  and  dried  for  24 
hours  at  200  C.  With  the  ampoules  in  the  position  shown  in  Fig.  5»  pow¬ 
dered  samples  are  weighed  into  the  upper  compartments,  and  a  series  of 
approximately  10  ampoules  is  sealed  directly  to  a  common  vacuum  manifold. 

The  liter  storage  bulb  containing  the  purified  is  attached  to  the 

manifold  with  a  Teflon-sealed  joint  and  valve.  The  vacuum  system  is  evac¬ 
uated  and  then  warmed  with  a  heat  gun  to  complete  outgassing.  Approximately 
10  grams  of  NgOj,  are  distilled  into  one  ampoule  at  a  time  while  the  lower 
ampoule  compartment  is  cooled  with  INg.  The  coolant  is  then  raised  above 
the  sintered  disk  and  the  system  is  evacuated  through  LNg  traps.  The 
ampoule  is  sealed  shut  with  a  torch  and  removed  from  the  manifold.  This 
procedure  is  repeated  successively  for  each  ampoule.  The  lower  tube  is 
warmed  to  0  C,  and  the  height  of  the  liquid  column  is  measured  to  determine 
the  quantity  of  in  the  ampoule,  which  was  previously  calibrated. 

The  ampoule  is  then  inverted,  and  the  larger  diameter  compartment  is  cooled 
in  l,N0  to  draw  the  N2°4  t,irou8h  fritted  disk  into  contact  with  the 
powder.  The  ampoules  are  then  immersed  in  a  constant  temperature  bath  for 
the  required  time.  At  the  conclusion  of  the  heating  period,  they  are 
withdrawn,  inverted,  and  the  lower  tip  cooled  in  LN0  to  draw  the  liquid 
through  the  sintered  disk,  thereby  filtering  out  the  solid  powder.  The 
tube  containing  the  frozen  is  broken  from  the  ampoule,  end  its 

contents  ore  hydrolyzed  in  40  milliliters  of  water.  The  sample  is  then 
analyzed  for  total  iron  by  the  method  described  in  Appendix  A. 

The  use  of  a  destructive  method  of  chemical  analysis  makes  this  ampoule 
technique  rather  time  consuming  (one  ampoule  for  each  datum  point).  Pre¬ 
liminary  c.p.r.  experiments  (discussed  under  Phase  II)  indicate  that  the 
soluble  iron  can  be  measured  nondeatructively  while  the  sample  remains 
sealed  in  the  ampoule.  If  this  procedure  is  successful,  each  sealed  sample 
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will  yield  data  as  a  function  of  time .  The  sealed  sample  which  has  been 
analysed  by  e.p.r.  can  also  be  placed  in  the  n.m.r.  spectrometer  to  deter- 
■ine  tbe  exact  water  content  of  the  NgO^  in  the  sasaple.  The  utility  of 
this  method  currently  is  being  established. 


Materials 

Materials  need  for  those  dissolution  experiments  were: 

1.  Iron  Powder.  Baker  Analysed  Reagent,  lot  No.  26209  (98.2 
percent  Fe) 

2.  Iron  Oxide  Pcvder.  Baker  Analysed  Reagent  Fe2 Oy  lot  No.  30245 
(99.3  percent  Fe^). 

3.  Steel  Alloys.  The  alloy  diaks  used  were  originally  purchaeed 
for  the  Inhibited  Nitrogen  Tetroxide  Program  under  Contract 
AP04(6ll ) -10809 ,  end  were  turpi ue  from  that  program.  They  had 
been  carefully  cleaned;  and  degreased  by  tbe  previously  developed 
procedure  (Ref.  2). 
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PHASE  II:  COMPOUND  IDENTIFICATION 


The  objective  of  this  task  is  to  determine  the  structure  of  species  in¬ 
volved  in  the  flow-decay  process.  A  number  of  approaches  are  ocing 
investigated » 

The  nuclear  magnetic  resonance  (n.m.r.)  spectrum  of  iron  in  solids  was 

investigated  first.  The  primary  difficulty  with  this  approach  ie  that 

14 

single  crystal  samples  are  not  available.  N  n.m.r.  requires  a  single 

crystal  because  of  the  large  crystallite-angle-dependent  splitting  of  the 

N^  resonance;  in  a  powder  this  results  in  too  broad  a  spectrum.  Ttaere- 

15 

fore  the  first  approach  was  to  attempt  detection  of  resonances  of  N 
which  has  spin  l/2  and  no  quadrupole  broadening,  but  has  a  natural  abun¬ 
dance  of  only  O.365  percent  with  n.m.r.  spectra  having  very  weak  signal- 
to-noise  ratios. 

The  second  approach  was  the  construction  of  a  nuclear  quadrupole  resonance 
(n.q.r.)  spectrometer  for  detection  of  N  quadrupole  resonance  frequercies. 
The  instrument  is  complete,  but  spectra  of  iron  nitrate  samples  have  not 
yet  been  taken.  This  approach  is  extremely  important,  because  it  will  allow 
observation  of  separate  resonances  foi  N0^~,  N0g+,  N0+,  NgO^  and  NOg  gr.jps. 
It  might  be  possible,  for  example,  that  the  only  real  difference  between 
material  that  causes  flow  stoppage  of  valves  and  iron  nitrate  at  equilibrium 
under  ambient  conditions  is  an  oxidation  change  of  NO  to  NOg  ,  n.q.r.  will 
show  this. 

The  third  approach  was  an  initial  study  to  determine  the  effect  of  water 
on  the  iron  species  formed  in  NgO^.  Military  specification  NgO^  any  con¬ 
tain  up  to  0.1  percent  water,  and  it  is  important  to  establish  whether  this 
water  could  enter  into  the  corrdination  sphere  of  iron  in  the  iron  nitrate 
species.  To  this  end,  broad-line  H  n.m.r.  studies  were  made  to  deter¬ 
mine  if  water  is  indeed  incorporated  into  dry  iron  nitrate  on  exposure  to 

"wet"  Nn0.  and  the  actual  state  of  this  water,  whether  it  exists  in  the 
2  4 

crystals  as  -OH,  HNO^  or  HgO. 


ft*  fourth  approach  mi  to  investigate  the  possibilities  of  using  e.p.r. 
spectrometers  to  determine  structural  parameters  of  both  solid  and  dis¬ 
solved  Iran  nitrate.  Preliminary  e.p.r.  studies  are  reported  which  confirm 

1 

the  results  of  the  broad-line  H  studies.  Structural  information  appears 
to  be  limited,  but  the  uethod  does  appear  prouising  ae  an  analytical  tool 
for  quantitative  determination  of  iron  in  NgO^  solutions. 


DISCUSSION  AND  RESULTS 

Nitrogen  15  Resonance  Studies 

The  large  chemical  shifts  of  N*'  resonances  (so  large,  that  the  first  ob¬ 
servation  of  the  chemical  shift  phenomenon  was  made  on  the  two  nitrogen 

isotopes  in  NH.NO.)  make  attractive  the  possibility  of  determining  the 
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structural  components  of  iron  nitrates  by  running  a  spectrum  at  the  N 

14 

resonance  frequency.  Although  N  ia  the  more  abundant  isotope,  the  large 

electric  quadrupole  splittings  result  in  too  broad  an  n.m.r,  spectrum  of 

a  powder  sample  (thousand  of  gauss),  whereas  «  1  (S  -  l/2)  has  no  quadrupole 

moment  and  d:ea  not  broaden  the  spectral  features.  Thus  a  potentially 

15 

useful  spectrum  can  be  obtained  from  N  . 

13 

During  a  previous  study  at  Rocketdyne,  the  C  resonance  was  observed  in 
compounds  containing  in  natural  abundance.  In  this  case,  a  Vartan 

high-resolution  RF  unit  and  s  Vsrian  lock-in  amplifier  were  used.  Baaed 

15 

on  this  experience,  a  study  of  N  resonance  was  initiated.  Because  a 

15 

high-resolution  RF  unit  was  not  available  for  the  N  frequency,  a  variable- 
frequency  Vsrian  RF  unit  was  employed,  together  with  a  Princeton  Applied 
Research  lock-in  amplifier  (PAR).  The  latter  has  approximately  10  times 
the  sensitivity  cf  the  Varion  lock-in  amplifier.  No  resonance*  were  ob¬ 
served  even  in  a  single  crystal  of  HaN0„  (which  contained  in  natural 
abundance).  It  waa  concluded,  therefore,  that  the  variable-frequency 
Varion  RF  unit  had  a  much  lower  sensitivity  than  the  high-resolution  unit, 

which  could  not  be  compensated  for  by  the  very  high  sensitivity  of  the  PAR. 

1 5 

It  was  believed,  however,  that  because  of  the  expected  narrow  N  lines 
the  problem  would  not  be  solved  entirely  by  changing  the  RF  unit  and 
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that  a  higher  sensitivity  waa  neceaaary.  Conversion  of  ti.e  variable  RF 
unit  to  a  high-reaolution  unit  vaa  initiated  and  a  new  technique  waa  de¬ 
veloped  to  increaae  the  senaitivity  of  narrow  n.m.r.  linea.  At  the  same 
time,  considerable  enhancement  of  rei  lution  waa  achieved. 

J  5 

It  ia  believed  that  narrov  N  linea  will  result  from  some  of  the  nitrogen 

species  in  iron  nitrate  because  they  are  largely  surrounded  by  oxygen  atoms 

wnich  nae  no  magnetic  moment,  and  therefore  give  no  nuclear  magnetic 

15 

dipolar  broadening  of  the  adjacent  N  .  Under  these  conditions,  there  are 
very  long  relaxation  times.  It  is  well  known  that  long  relaxation  times 
are  best  controlled  by  lock-ir.  amplifier  techniques;  however,  when  an 
n.m.r.  line  is  sharp,  existing  high-frequency  loek-in  amplifier  methods 
do  net  give  high  sensitivity. 

The  basis  of  the  new  technique  is  that  an  n.m.r.  signal  will  have  maximum 
intensity  when  the  width  of  the  modulating  magnetic  field  used  for  lock- 
in  amplifier  detection  is  comparable  to  the  natural  n.m.r.  line  width. 

To  test  the  sensitivity  of  the  PAR,  which  can  operate  at  as  low  as  1.5 
Hz,  and  remain  compatible  with  a,,/  conceivable  line  width  (whether 
in  solution  or  in  a  solid),  the  following  study  was  conducted  on  the  H* 
spectrum  of  ethyl  alcohol  at  60  Mflz. 

With  the  Varian  high-resolution  RF  unit  operating  at  60  MHz,  the  magnetic 
field  homogeniety  coils  were  adjusted  by  running  with  regular  high  resolu¬ 
tion  so  that  the  adjustments  could  be  made  on  the  oscilloscope  (such 
adjustment  cannot  be  made  while  using  the  lock-in  amplifier  because  the 
spectral  line  is  not  displayed  on  the  oscilloscope).  The  output  of  the 
RF  receiver  was  thon  connected  to  the  PAR  through  the  recorder  outlet 
with  the  recorder  level  set  at  1000.  This  connection  was  necessary  to 
optimize  the  impedance  match  of  the  RF  receiver  output  circuit  to  that 
of  the  PAR  input  circuit.  The  internal  sinusoidal  voltage  of  the  PAR 
was  connected  to  the  Varian  probe  Helmholtz  coils  through  a  600-ohm  aeries 
resistor  with  the  reference  attenuator  and  vernier  of  the  PAR  set  at 
maximum  resistance.  This  was  done  to  achieve  a  modulating  sugnetic  field 
width  slightly  less  than  the  frequency  of  the  modulating  field  used  for 
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detection  (RIR  set  ct  minima*  of  1.5  Be).  The  aensxtivi ty  of  the  PAR  was 
set  mi  80  millivolts,  the  phase  at  0,  the  time  constant  300  seconds  at  12 
decibels  end  Q*25,  The  Rp  power  level  was  down  70  decibels  from  0.25  watt. 
The  receiver  gain  was  set  si  position  5  and  the  HF  phase  detector  frequency 
response  in  the  k  position. 

Baiag  the  above  technique,  the  following  spectra  were  obtained.  The  entire 
«ttrfi  alcohol  spectrum  is  shown  in  Fig,  6.  This  spectrum  is  identical  in 
resolution  to  that  obtained  on  a  Varian  A-60  spectrometer.  The  spectrum 
is  the  second  derivative  of  the  absorption  mode,  which  accounts  for  the 
deep  wings  on  esch  side  of  a  spectral  lice.  These  wing*  cause  the  progres¬ 
sive  deepening  of  the  apparent  base  line  toward  the  middle  of  a  aeultiplet. 

The  spectrum  of  the  ethyl  alcohol  quartet  is  presented  in  Fig.  7,  employ¬ 
ing  a  slower  passage  than  for  the  complete  spectrum  (Fig.  6),  Immediately 
prior  to  ruuning  the  spectrum  of  the  quartet  shown  in  Fig.  7,  an  ordinary 
high  resolution  spectrum  was  run  (Fig.  8).  It  in  evident  that  whe  FAR 
method  effects  considerable  enhancement  in  splitting  of  the  individual 
lines  of  the  quartet  into  their  fine  structure  components.  Comparing 
Fig.  7  and  8,  it  is  seen  that  the  method  yields  a  better  resolution  than 
the  ordinary  high-resolution  technique.  An  additional  advantage  of  the 
new  Rocketdyne  method  is  that  line  voltage  surges  and  other  instabilities 
caused  by  opening  of  laboratory  doors  (with  attendent  pressure  change 
effect  on  electronic  components)  can  be  damped  with  the  larger  output  time 
constants  available  through  use  of  the  PAR.  The  high  resolution  spectrum 
displayed  in  Fig.  8  is  the  best  one  selected  from  approximately  15  succes¬ 
sively  run  spectra.  However,  the  spectrum  in  Fig.  7  vac  obtained  repeatedly 
without  noise  spikes  and  distortions. 
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In  addition  to  eliminating  noise-generated  spectral  distortions,  the  FAR 
method  has  another  advantage.  Aa  summarized  by  Cballice  and  Clark  (Ref,  3), 
there  is  considerable  literature  dealing  with  the  subject  of  resolution 
enhancement  of  spectra  by  means  of  second  derivative  recording.  Resolu¬ 
tion  is  easily  doubled,  while  an  isolated  doublet  which  visually  shows  no 
splitting  can  be  mathematically  reaolved  into  two  spectral  lines  by 


Spectrum  of  Ethyl  Alcohol  Obtained  With  New 
Rocketdyne  Technique.  Second  Derivative 
Recorder  Display 


Figure  8.  High-fte  eolation  Spectraa  of  Ethyl  jUeehol 
Methylene  Group  Quartet  Sun  -Jnat  Before 
the  Spoctnaa  of  Fig.  ^  ae  «•  to  Show 
Conparieon  of  Resolution  OKainaMe  by 
the  Two  Technique* 


comparing  i*  function  of  the  ratio  of  central  peak  height  to  wing  depth 
of  the  second  derivative  displayed  spectrum.  This  procedure  gives  approx¬ 
imately  a  factor  of  eight  in  improved  resolution  over  that  obtained  from 
the  direct  absorption  mode  display. 

This  is  the  first  time  that  the  use  of  broad-line  techniques  has  been 
applied  to  the  observation  of  high-resolution  spectra.  Thus  the  differ¬ 
ence  between  the  two  techniques  has  been  reduced  to  a  semantic  one. 

Sensitivity  enhancement  can  be  achieved  by  using  a  low-frequency  lock-in 
amplifier  such  as  the  PAH.  Improvement  in  signol-to-noise  ratio  by  a  factor 
of  about  350  over  that  available  with  ordinary  high-rcsoiution  absorption 
mode  display  is  easily  achieved.  However,  the  spectrum  must  be  run  much 
slower  than  were  those  reported  here;  it  would  take  2*i  hours  to  optimize 
the  PAll  spectrum,  but  considering  the  number  of  high-resolution  scans 
(about  15  minutes  per  scan)  required  for  a  computer-averaging  technique 
to  duplicate  such  an  enhancement,  i.e.  ,  350  squared  =  120,000,  it  would 
take  approximately  3-1 /-  years. 

llroad-Line  II1  n.m.r.  Iron  Nitrate  Studies 

The  broad-line  II1  n.m.r.  technique  was  improved  during  this  report  period 
and  used  (l)  in  an  attempt  to  determine  the  presence  of  water  in  the  syn¬ 
thetic  iron  nitrate  which  had  been  refluxed  in  wet  NgO^,  and  (2)  to  as¬ 
certain  the  structure  of  the  solid  formed.  Studies  were  made  using  a 
Vi,:- ion  DP-00  spectrometer  operating  at  bO  MHz,  an  HF  power  of  0.5  watt, 
n  modulating  field  of  1  gauss  at  U0  cycles,  and  a  PAR  loek-in  amplifier. 

The  UF  receiver  output  to  the  lock-in  amplifier  was  connected  to  the 
high-resolution  recorder  output  so  os  to  match  the  impedance  better  with 
that  of  the  lock-in  amplifier  than  can  be  done  with  the  regular  Varinn 
cathode  follower  output  used  for  the  Vurinn  output-control  unit. 
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In  Fig.  9  are  shown  the  spectra  of  the  empty  sample  tube,  a  single  crystal 

of  iron  nitrate  nonahydrate,  and  0.5  gram  of  synthesized  anhydrous  iron 

nitrate  (solvated  with  NgO^  which  had  been  refluxed  for  ;»8  hours  with  30 

milliliters  of  No0;  containing  0.2  percent  added  II^O.  Comparison  of  the 

spectrum  of  the  refluxed  sample  with  that  of  the  empty  tube  (by  subtracting 

the  background  signal  algebraically)  shows  a  signal  in  the  same  position 

as  is  seen  for  the  (much  larger)  sample  of  known  iron  nitrate  hydrate,  and 

roughly  in  proportion  to  the  known  weights  of  the  samples.  On  the  basis 

of  these  spectru  alone,  it  is  possible  to  determine  only  that  water  is 

present  in  some  amount  but  not  how  many  water  molecules  are  present  per 

iron  molecule.  Reference  to  the  e.p.r.  studies  in  this  report  confirm 

that  a  change  occurs  on  refluxing  the  synthesized  anhydrous  iron  nitrate 

in  wet  N  0,  . 

2  h 

The  spectra  obtained  which  are  displayed  on  Fig.  9  have  a  poor  signal-to- 
tioise  ratio  primarily  because  the  modulating  field  is  not  broad  enough. 

During  future  studies  this  will  be  increased  to  approximately  10  gauss. 

There  are  strong  indications  that  when  the  background  signal  (from  the 
protons  in  the  enamel  of  the  transmitter  and  receiver  coils  and  the  Epoxy 
glue  which  is  used  to  cement  the  various  parts  of  the  probe  together)  is 
subtracted  from  the  observed  signal,  a  good  spectrum  will  be  obtained  with 
the  use  of  a  broader  modulating  field.  The  shape  of  the  signal  should 
allow  calculation  of  the  nature  of  the  protons  in  the  iron  nitrate  hydrate. 
Thus  u  broad  single  peak  will  indicate  OH  protons  or  on  intact  HNO^ 
solvating  species,  while  a  brood  doublet  will  indicate  two  protons  close 
together  uh  in  the  case  of  an  Ho0  molecule  bonded  through  the  oxygen  to 
the  iron.  The  other  possibility,  H^O  in  the  crystal,  would  be  distinguished 
by  a  broad  triplet.  Such  conclusions  must  await  spectra  having  a  better 
sigmi  1-to-noise  ratio. 

e.p.r.  Studies  of  Iron  Nitrates 

Sol idH.  To  investigate  the  possibilities  of  using  e.p.r.  techniques  to 

determine  structural  parameters  of  the  iron  nitrate  which  causes  flow 

stoppage  in  valves,  four  samples  of  iron  nitrate  were  studied.  All  spectra 

9 

were  run  at  room  temperature  with  a  9.5  *  10  Hz  spectrometer  on  samples  , 
contained  in  3-W'*  01)  Pyrex  tubes. 
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The  ■jpectrias  of  a  sample  of.  Fe(NO^)^*  9HgO  is  shown  In  Fig.  10.  The  sample 
was  £  large  single  crystal.  It  is  expected  that  if  •  powdered  sample  were 
studied,  the  spectral  structure  at  the  higher  fields  would  be  broadened 
to  correspond  more  closely  in  appearance  to  the  spectra  of  the  refluxed 
end  purified  samples  displayed  below  it.  The  spectrum  of  a  sample  of 
iron  nitrate,  which  bad  been  purified  (in  Phase  III)  by  precipitation  of 
anhydrous  Iron  nitrate  dissolved  in  ethyl  acetate  by  the  addition  of  dry 
No0.  ,  is  shown  on  the  same  illustration.  For  comparison,  the  spectrum  of 
the  8<«e  aateriai  is  shown  after  a  0,5-gram  sample  had  been  refluxed  with  a 
30-rail lilt ter  sample  of  containing  0.2  percent  R^O.  It  is  clear  that 

the  treatment  with  wet  caused  structural  changes.  This  evidence 
is  compatible  with  the  hypothesis  that  iron  nitrate  powder  in  equilibria 
with  vet  No0^  contains  some  water  of  hydration. 


Solution.  The  e.p.r.  spectrum -of  NgO^  containing  1.5  ppm  Fe  and  0.1  per¬ 
cent  HgO  is  shown  in  Fig.  11.  The  sample  was  taken  from  a  carbon  steel 
cylinder  in  which  the  had  been  stqred  for  several  months.  The  large 
truncated  central  dispersion  mode  line  is  due  to  NO^,  and  the  asymmetric 
peak  on  the  left  of  the  spectra  is  ascribed  to  Fe  species. 

Ac  enlargement  of  the  asymmetric  peak  which  is  ascribed  to  iron  species 
in  the  solution  is  shown  in  Fig.  12.  Because  the  peak  has  a  good  signal- 
tc- -noise  ratio  and  was  taken  with  a  sample  that  analysed  1.5  ppm  Fe,  it 
appears  that  the  e.p.r.  method  will  be  a  satisfactory  analytical  technique 
for  use  in  Phase  I,  However,  some  reservations  are  necessary  at  the  pres¬ 
ent  tise.  It  has  not  been  established  yet  that  the  peak  is  due  to  iron, 
altheu^i  analysis  of  samples  stored  in  s  carbon  steel  cylinder  in  the 
past  has  dlsclesad  no  Other  major transition  metal  impurities,  and  the 
pmak  cannot  bo  duo  to  species  other  than  transition  metals  because  of  the 
high  g  veins.  It  will  be  necessary  to  calibrate  against  known  concentra¬ 
tion  samples,  sines  the  peak  is  asymmetric  and  overlapped  partially  (on 
the  right)  by  the  NOg  resonance,  «o  that  a  linear  dependence  of  peak  area 
va  concentration  is  not  available. 
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Figure  10.  e.p.r.  Spectra  of  a  Single  Crystal  of  Nonahydrous/lron 
Nitrate,  Purified  Anhydrous  Iron  Nitrate,  and  Purified 
Material  Which  Had  Dcen  Refluxed  With  N2O4  Containing 
0.2  Percent  II2O.  Ordinates  are  0  to  6600  Uauss 


Figure  11.  e.p.r.  Spectrum  of  N0O4  Containing  1.5  ppm  Fe  and 
0.’  Percent  HoO.  Originates  are  0  to  6000  Causa. 
Truncated  Central  Dispersion  Mode  Line  ie  Due  to 
NOy  and  the  Asymmetric  Peak  on  the  Left  is  Ascribed 
to  Ft  Species 


However,  if  the  preseat  assumption  that  the  peak  due  to  iron  is  correct, 
then  it  is  clear  that  an  asymmetric  peak  could  not  be  due  to  a  species 
such  as  Fe(NQ^)^  in  the  solution,  since  such  u  species  would  be  expected 
to  have  a  cubic  synnetry  with  a  syasne trie  e.p.r.  spectrum.  Thus,  this 
spectrum  is  evidence  that  the  iron  species  in  solution  has  mere  than  one 
kind  of  attached  ligand.  Future  studies  with  variation  in  the  water  con¬ 
tent  of  the  solution  should  establish  whether  the  asyasetry  of  the  spsctraa 
is  in  fact  due  to  water.  A  possible  alternative  explanation  for  the  asym¬ 
metry  is  thrt  the  iron  species  is  really  colloidal.  This  question  could 
be  solved  by  ultrafiltration. 
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PHASE  III:  COMPOUND  SOLUBILITY 


The  initial  objective  of  Phase  III  was  to  prepare  synthetically  a  compound 
of  the  composition  Fe(NQ^)yN,jG^ ,  vhich  had  been  shown  previously  to  be 
identical  with  the  flow-decay  deposit.  Thin  objective  has  now  been  met 
with  the  successful  preparation  and  purification  of  FefNO^^N^O^  in  suf¬ 
ficient  quantities  that,  solubility  studies  with  con  conducted. 

During  the  solubility  studies  now  in  progress,  the  temperature  of  the 
hae  been  varied  from  32  to  100  F.  la  addition,  the  concentrations  of 
nitric  oxide  and  water  in  the  No0^  are  being  varied  from  0  to  1  percent 
aud  from  0.1  to  1  percent,  respectively. 


DISCUSSION  AND  RESULTS 


The  preparation  of  the  anhydrous  iron  nitrate  Fa(N0^)^,No0|t  has  been 
described  in  the  first  quarterly  progress  report  (Ref.  l).  The  next  ob¬ 
jective  of  this  phase  was  to  develop  a  method  of  purification  for  the 
crude  Fe(N0j)y  NgQ^.  Investigations  involving  recrystall ization  from 
m-raqueous  solvents,  including  itself  by  cyclic  extraction  techniques, 

were  undertaken.  The  cyclic  extraction  technique  using  NgO ^  did 
produce  a  small  amount  of  pure  material.  However,  because  the  yield  was 
very  low  and  the  method  extremely  time  consuming,  other  methods  of  re- 
crystall izetion  were  investigated.  Solubilizing  the  crude  Material  in 
ethyl  acetate  and  then  precipitating  the  solid  by  the  addition  of  NgO^ 


has  developed  into  an  excellent  method.  A  large  amount  of  a  pale  cream- 
colored  solid  which  was  identical  in  all  respects  with  the  previously 
purified  material  (by  cyclic  extraction  techniques  using  N^O^)  has  been 
obtained.  Two  separate  purification  runs  have  produced  materials  with  tho 
f o lloving  trap irical  f o mu lae  :  Fe\N0,)_  ,  •  1 . 0>N  J) .  and  Ee (NO.. ),  ' 0 , 99N  fi ,  ; 
on  l?d  to  00  percent  mass  balances. 


Vith  the  preparation  of  sufficient  quantities  of  pure  "synthetic  flow 
decay  compound."  solubility  studies  in  N,,0^  were  begun.  To  establish  a 
reference  point  of  solubility  and  for  purposes  of  comparison  with  propellant 
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grade  N,/)^ ,  freshly  distilled  anhydrous  iron-free  N',,0^  (<  0.1  pp  Fe  and 
0.01  ppm  water)  was  utilized.  The  NgO^  was  also  pretreated  with  oxygen 
to  preclude  the  possible  presence  of  traces  of  NO. 

The  solubility  determinations  were  made  in  specially  constructed  glass 
apparatus.  Solubility  rims  were  carried  out  at  controlled  temperatures 
(constant  temperature  baths)  of  32,  86,  and  100  F.  Solubility  was  es¬ 
tablished  by  withdrawing  liquid  samples  periodically  and  then  having  the 
samples  analyzed  for  iron.  Based  on  the  analytical  results  obtained  thus 
far.  the  tentative  conclusion  is  that  the  solubility  of  FeCNO^^NfjO^  in 
No0^  is  quite  low,  on  the  order  of  0.5  ppm  to  1.5  ppm  (in  terms  of  Fe 
concentration).  The  solubility  results  have  been  quite  erratic,  probably 
because  of  inherent  errors  in  the  sampling  procedures  and  the  procedures 
involved  in  the  analysis  of  a  trace  component.  However,  these  experiments 
will  be  repeated  using  a  slightly  modified  apparatus  and  by  taking  larger 
samples  for  analyses;  it  is  anticipated  that  some  of  the  difficulties  in 
the  analytical  procedures  will  be  alleviated. 

The  investigation  of  the  effect  of  the  presence  of  small  amounts  of  nitric 
oxide  and  water  on  the  solubility  of  the  flow-decay  compound  in  has 

been  initiated.  The  NO  was  purified  just  prior  to  being  used  by  fractional 
condensation.  The  purity  was  then  checked  by  infrared  and  mass  spectrometry. 
The  N'0-No0^  mixture  was  made  in  the  solubility  apparatus  itself  whereas 
the  HjO-N.,0^  mixture  was  made  in  a  separate  vessel  and  then  added  to  the 
solid  in  the  solubility  apparatus.  These  experiments  are  in  the  initial 
stuges,  and  no  results  are  available  at  the  present  time. 


i:\rni  imkntal 

Pur i Fi cat  ion  of  Fe(N0_)_*N„0^ 


The  recrystal  1 ization  of  the  iron  nitrate  from  ethyl  acetate  for  n  2-gram 
sample  was  described  in  the  first  quarterly  report  (Ref.  l).  The  analysis 
of  the  purified  solid,  however  was  pending.  The  following  analytical 
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result*  are  rov  available: 


Fe,  16.0  w/o;  N0~,  55.2  w/o;  N^,  27.2  w/o 

A  larger  sample  of  crude  iron  nitrate  (6.5  grave }  vaa  similarly  purified. 
The  analytical  results  on  a  sample  of  this  second  batch  of  purified  mat¬ 
erial  were  as  follows: 

Fe,  16„5  w/o;  55-2  w/o;  NgO^,  26.9  w/o 

The  infrared  spectra,  as  mulls  in  halocarbon  oil,  of  these  two  batches 
were  identical.  Their  physical  appearances  (pale  cream  powders)  and  their 
reactivities  with  moisture  (rapidly  becoming  wet  and  the  evolution  of 
gases  accompanied  by  bubbling  effect)  were  also  identical. 


Solubility  of  Fe(N0^)yNg0^  in  Distilled  Ng0^ 

The  solubility  apparatus  consisted  of  s  glass  vessel  equipped  with  a  Teflon- 
covered  stirring  bar  and  two  Teflon  noodle  valves  (Fig.  13).  The  apparatus 
was  calibrated  and  dried  thoroughly  prior  to  use.  The  solid  Fs^^JyNjjO^ 
was  placed  in  the  apparatus  through  the  needle  valve  A  in  an  inert  atmos¬ 
phere  (drybox).  The  was  distilled  into  the  solobilit;  apparatus 
through  valve  A  using  a  glass-vacuum  system.  The  apparatus  va*  than  im¬ 
mersed  in  a  conetant-ternerature  iatb  in  such  a  fashion  that  only  the 
valves  remained  above  the  liquid  level  of  the  bath.  The  N^O^-iron  nitrate 
mixture  was  stirred  by  means  of  a  magnetic  stirrer. 

Sampling  was  accomplished  by  means  of  a  U-shaped  glass  vessel  equipped 
with  Teflon  needle  valves  (Fig.  13),  The  sampler  was  directly  attached 
to  the  solubility  apparatus  through  en  O-ring  joint.  A  Teflon  O-rtag 
was  used  for  this  purpose.  The  section  between  valve  B  mad  valve  D  was 
evacuated  and  J-  j*a  refilled  with  dry  nitrogen.  The  presence  of  the  nitro¬ 
gen  provided  back  pressure  and  thus  minimised  the  vaporisation  of  the 
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NgO^.  The  sampling  was  done  with  a  -78  C  bath  around  the  sampler.  At 
low  temperatures ,  presentation  of  the  solubility  apparatus  with  dry 
nitrogan  was  necessary  to  force  the  liquid  oat  through  the  opening  is 
valve  3.  A  glass-wool  plug  prevented  any  solid  particles  from  being 
carried  over  into  the  sampler.  Daring  the  sampling,  the  solubility  ap¬ 
paratus  was  kept  in  the  constant- temperature  bath,  thus  assuring  that  a 
truly  representative  liquid  sample  was  being  taken.  The  weights  of  the 
samples  were  obtained  by  determining  the  difference  in  the  weights 
of  the  D-sampler  before  (evacuated)  and  after  removed)  the  sampling. 
The  hydrolyses  of  the  samples  were  accompli shed  directly  in  the  De¬ 
sampler  by  the  addition  of  ice-cold  water  (deionised).  Aliquots  of  these 
hydrolysates  were  then  submitted  for  iron  analyses.  The  results  are  pre¬ 
sented  in  Table  1. 


TABLE  1 


SOLUBILITY  OP  FefNO^yN^  IN  N^ 


r 

Temperature , 

F 

— 

Values  in  ppm  o'  ft 

Duration  of  Stadias,  Days 

2 

5 

9 

14 

24 

28 

38 

32 

0.55 

0.65 

86 

# 

1.37 

0.57 

too 

0.89 

0.06 

0.46 

0.25 

1.75 

♦Sample  taken  at  this  period  gave  an  exception* My  high 
value,  and  the  result  was  discarded 


NO  Additive  to  NgO^-Iron  Nitrate  Mixture 


Nitric  oxide  was  purified  by  passing  it  through  a  -156  C  trap  several  times, 
and  the  purity  was  checked  by  infrared  and  mate  spectrometry  and  by  vapor 
pressure  neaauremsDts.  The  eel  id  iron  nitrate  (65  milligrams)  was  placed 
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in  the  solubility  apparatus  in  the  Banner  described  previously.  The 
gaseous  NO  (162.5  cc)  was  then  placed  in  the  apparatus  by  condensing  it 
in  a  narrow  * id earn  added  to  the  apparatus  shown  in  Pig.  13.  The  NgO^ 
(l00.7  grans )  was  then  distilled  into  the  apparatus  using  the  vacuun  sys¬ 
tem  and  a  cooling  bath  of  ice-brine  mixture.  With  the  completion  of  the 
addition  of  the  NgO^,  the  sidearm  was  slowly  warmed,  thus  allowing  the  NO 
to  vaporize  and  dissolve  in  the  NgO^.  The  apparatus  was  then  placed  in  a 
constant-temperature  bath  held  at  a  temperature  of  25  C.  This  experiment 
is  ia  progress  at  the  present  time,  and  sampling  will  be  done  as  described 
previously. 


Water  Additive  to  NgO^-Iron  Nitrate  Mixture 


Water  (0.10  gram)  and  NgO^  (97.0  grams)  were  mixed  in  a  200-milliliter 
glass  bulb  equipped  with  a  Teflon  needle  valve.  This  mixture  was  directly 
added  to  the  solubility  apparatus  containing  the  solid  iron  nitrate.  This 
was  accomplished  by  affixing  the  bulb  containing  the  mixture  to  the  solu¬ 
bility  apparatus  by  means  of  an  adapter  through  which  the  adjoining  sections 
could  be  evacuated.  The  apparatus  was  then  immersed  in  a  constant  temp¬ 
erature  bath  at  25  C.  This  experiment  is  in  the  initial  stages,  and  no 
results  are  available. 
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PHASE  IV:  COMPOUND  ELIMINATION 


Investigations  on  appropriate  coordinating  agents  as  saeaaa  of  eliminating 
flow-decay  compounds  is  the  major  task  of  this  phase  of  the  program.  In 
an  effort  to  render  the  metal  compound  soluble  .c  N^O,  ,  the  effects  of 
these  coordinating  agents  on  the  synthesized  flow-decay  compound  and  its 
solutions  are  being  studied. 

DISCUSSION  AND  RESULTS 

Investigations  of  the  reactivity  of  the  synthesized  iron  nitrate  with 
various  coordinating  agants  have  been  continuing.  Th-  iron  nitrate-N^O^ 
complex  was  found  to  be  soluble  in  the  following  additional  reagents: 
benzoni trile ,  benzaldehyde ,  acetophenone,  and  acetone.  The  complex  was 
found  to  be  insol  Me  in  triflnoroacetonitrile,  hexaflooroacetone,  n- 
pentnne,  Freon  l'3i  and  silicone  (XF  1000)  liqnid.  The  last  three  reagents 
gave  not  only  a  test  for  solubility,  bnt  also  an  indication  of  the  ionic 
qatnre  of  the  iron  nitrate-N^O^  complex  (ionic  substances  are  unlikely 
to  be  soluble  in  nonpolar  solvents). 

The  reactivity  of  the  preceding  reagents  when  added  in  small  quantities 

to  NgO^  under  ambient  conditions  was  tested.  No  visible  reactivity  was 

noted  when  the  following  reagents  were  mixed  with  N^O^  (N^G^  was  always 

in  large  excess):  triflnoroacetonitrile,  hexaf luoroace tone ,  n-peniane, 

and  Freon  113.  In  addition,  other  workers  (Ref,  4  and  5)  have  reported 

that  benzoni trile,  benzaldehyde,  acetophenone,  and  acetone  can  be  added 

to  without  gross  reaction,  A  vigorous  reaction  with  the  evolution 

of  e  great  deal  of  ges,  took  place  when  silicon*  (XF  1000)  liquid  wee 

mixed  with  N..0,  . 

2  k 

The  results  of  the  above  experiments  have  thus  added  new  candidates 
(benzonitri le ,  benzaldehyde,  acetophenone,  and  acetone)  to  the  previous 
list  of  candidates  l»c  further  investigations  in  flow-decay  compound 
elimination. 
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Similar  screening  of  various  other  reagents  will  be  conducted  in  the 
near  future. 

Preliminary  inveatigation  of  the  solubility  of  the  iron  nitrate  in  No0^ 
in  the  presence  of  a  candidate-coordinating  reagent  has  been  made.  The 
addition  of  acetonitrile  to  a  mixture  of  Fe(N0j)j*Ng0^  (40  ppm  of  Fe) 
and  No0^  at  room  temperature  was  found  to  completely  solubilize  the  solid 
Fe(N0^)^*Ng0^.  Practically  all  of  the  solid  was  insoluble  under  these 
conditions  before  the  addition  of  acetonitrile.  Such  a  solution  was  also 
found  to  maintain  its  integrity  (no  apparent  change)  during  a  temperature 
cycling  over  the  range  of  32  to  100  F. 

Although  the  Fe(N0^)^*Ng0^  was  found  to  be  insoluble  in  CF^CN  alone,  it 
was  found  to  be  soluble  (0.7  v/o  of  solid  Fe(N0^)^*Ng0^)  in  a  mixture  of 
CF^CN  and  N^O^.  No  change  in  the  solution  was  observable  over  the  temp¬ 
erature  range  of  32  to  100  F.  However,  a  very  high  concentration  of  ad¬ 
ditive  was  used  in  this  test  (10  percent).  CF^CN  would  probably  not  be 
a  satisfactory  additive  because  of  its  high  volatility.  Further  tests 
at  a  more  realistic  additive  level  will  be  carried  out  with  other  less 
volatile  perfluoroalkyl  nitriles. 

It  is  anticipated  that  siuiilar  solubility  phenomenon  as  in  CF^CN-NgO^ 

mixture  will  be  found  with  CF,C0CF,-Nn0.  mixture.  This  will  be  tested 

3  3  2  4 

shortly.  The  results  of  the  CF^CN  experiment  may  lead  to  new  additives 
for  the  flow-decay  compound  elimination.  Reagents  which  do  not  dissolve 
the  solid  Fe(N0j)yNg0^  by  themselves  may  still  be  effective  as  long  as 
they  are  compatible  with  NgO^. 


EXPERIMENTAL 

The  solubility  and  compatibility  testa  were  carried  out  essentially  as 
described  in  Ref.  1. 
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'Hie  solubility  of  the  iron  nitrate  in  NgO^  in  th«  presence  of  a  cfind. idate- 
coordinating  reagent  (acetonitrile)  was  carried  out  in  the  following  Man¬ 
ner,  The  solid  Fe(N0,.},,  wa«  placed  in  a  snail  glass  bulb  i quipped 
with  a  Teflon-covered  stirring  bar  and  a  Teflon  needle  valve,  The  weight 
of  the  solid  was  obtained  by  detemining  the  difference  ia  the  weights 
of  the  evacuated  bulb  before  and  after  the  addition  of  it«  solid, 
was  then  condensed  ever  the  solid.  The  Mixture  was  a  U  avoid  to  want  to 
rooa  temperature  and  was  stirred  (magnetic  stirrer)  overnight.  Most  of 
the  solid  was  observed  to  be  insoluble  during  this  period.  Acetonitrile 
(0.2  w/o)  was  then  condensed  into  the  bulb,  and  the  mixture  was  allowed 
to  warm  to  room  temperature.  After  1  hour  of  stirring,  the  amount  of 
insoluble  solid  had  decreased  considerably.  After  overnight  stirring, 
all  of  the  solid  had  dissolved.  The  resulting  solution  was  subjected  to 
a  temperature  cycling  by  immersion  in  baths  from  32  to  100  F. 


•am 
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PHASE  V:  EFFICIENCY  OF  ELIMINATION 


Construction  of  the  flow  test  system  started  during  this  quarter,  but 
activity  was  temporarily  discontinued  pending  the  availability  of  a  better 
test  location.  The  flow  system  is  now  being  installed  in  an  entirely  sep¬ 
arate  test  bay  of  the  Propellant  Engineering  Laboratory.  Tnis  new  site 
represents  a  considerable  improvement  in  the  larger  space  now  available 
for  system  components,  and  in  the  greater  freedom  from  other  laboratory 
activities,  thus  providing  for  more  efficient  flow-test  operations. 

At  present,  the  test  bay  has  been  made  ready  for  occupation  by  the  flow 
test  system.  The  nitrogen  gas  system  to  be  used  for  NgO^  tank  pressuriza¬ 
tion  has  been  installed.  Supporting  structures  for  the  tankage  and  for 
the  flow-line  components  have  been  built.  Installation  of  the  flow  line 
is  under  way;  this  includes,  in  downstream  sequence,  the  on-stream  heat 
exchanger,  the  test  hardwire,  which  will  be  initially  a  sight-gage  needle 
valve  previously  utilized  at  Rocketdyne  for  NgO^  flow-decay  observations, 
a  flowmeter,  and  a  metering  valve  for  flowrate  control  independent  of  the 
decay  process.  Three  temperature  bath  containers  have  been  prepared, 
one  for  batch  temperature  conditioning  at  the  NgO^  source  tank,  a  second 
for  stream  temperature  conditioning  with  the  flow-line  heat  exchanger,  and 
a  third  to  provide  for  circulating  flow  of  adequately  large  cooling  or 
heating  capacity  to  either  of  the  others.  Preliminary  testing  of  these 
temperature-conditioning  units  is  being  carried  out. 

The  design  requirements  for  the  on-stream  heat  exchanger  are  problematic. 
This  heat  exchanger  is  being  constructed  to  provide  reasonably  precise 
selection  of  emerging  stream  temperatures  for  all  flow  conditions  of 
interest.  Conditions  of  potential  interest  include  cooling  from  165  F 
to  near  15  F  at  flowrates  of  several  gallons  per  minute,  requiring  a 
long  heat  exchanger  of  large  surface  area.  Such  a  unit  is  not  a  localized 
flow  restriction  and  would  not  be  expected  to  participate  directly  in 
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flow  decay.  However,  the  large  cold  area  could  conceivably  act  as  a 
ucavecger  of  flow-decay  material  aJ  ead  of  the  t  it  hardware.  If  tins 
possibility  materialities,  efficient  treast  temperature  control  may  have 
to  be  abana«aed  in  favor  of  larger  flov  decay  effect* 
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IBGN  ANALYSIS  ^ROCSJIRE 

Tfc*  aaclyn^s  for  trace  amounts  of  iron  in  NgO^  has  been  carried  out  using 
l,10~pb«naothroline  as  tbs  color-developing  reagent.  Using  sample  sizes 
of  10  grams  of  N  ,  the  ideal  range  covered  by  this  technique  is  0.2  to 
2.0  ppm  of  iron.  3y  increasing  or  decreasing  sample  size,  the  renge  can 
be  exteHed  at  either  end.  Therefore,  the  use  of  4,7-diphenyl  derivative 
(Ref.  1)  of  ortho-phenanthroline  has  not  been  required,  and  all  analyses 
carried  out  during  this  period  have  utilized  orthophenanthroline.  The 
analytical  procedure  used  for  the  analyses  is  described  in  the  lolloping 
paragraph. 

The  weighed  sample  of  NgO^  is  hydrolyzed  slowly  in  a  closed  container  using 
excess  (30  to  30  cc)  water  at  0.  C.  The  aqueous  solution  is  quantitatively 
transferred  to  a  100-milliliter  beaker,  2  milliliters  of  concentrated 
sulfuric  acid  are  added,  and  the  solution  slowly  boiled  to  dense  SO^  fumes 
to  remove  nitric  and  nitrous  acids.  The  cooled  sample  is  then  transferred 
to  a  30-milliliter  vi 1 metric  flask,  and  Fe11*  reduced  to  Fe11  using  2 
milliliters  of  10  percent  hydroxylamine  hydrochloride.  The  rate  of  re¬ 
duction  is  increased  by  heating  the  flasks  to  60  C  for  10  minutes.  The 
pH  is  then  adjusted  to  3  to  3  with  2  M  sodium  acetate  and  1:J.  araonia  solu¬ 
tion.  One  milliliter  of  1 . 10-phenanthroline  (0.1  percent  in  10  percent 
ethanol)  i'  added,  and  the  solution  is  set  aside  for  30  minutes.  The  flask 
is  then  diluted  to  the  mark,  and  the  ebs  rfcance  is  measured  at  310  milli¬ 
microns  against  a  reagent  blank.  Calib  ation  standards  are  prepared  by 
adding  known  amounts  of  iron  to  1:1  nitric  acid  solution  and  carrying  out 
the  analytical  procedure  in  the  same  manner  as  the  unknowns. 
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it  (PONaomMe  imutamy  activity 
Air  Force  Rocket  Propulsion  Laboratory 
Research  and  Technology  Division 
Edwards,  California 


Second  quarter  progress  is  reviewed  on  a  12-nonth  program  to  ascertain  methods  for 
the  elimination  of  the  corrosion  products  in  N2O4  (iron-nitrate-containing  spe¬ 
cies)  which  are  responsible  for  th#  phenomenon  of  "flow  decay."  Studies  on  the 
rate  and  mechanism  of  solution  of  iron  in  anhydrous  N2O4  are  described.  Nuclear 
magnetic  resonance  and  electron  resonance  spectroscopy  studies  of  the  solvated 
iron  nitrate  species  are  presented.  Compounds  of  the  type  ire (^3)3 *^2^4  have 
been  synthesised  and  purified ,  The  properties  of  these  materials  nave  been  found 
to  match  the  properties  of  the  flow  decay  substance.  Solubility  studies  of  the 
"synthetic"  flow  decay  material  in  anhydrous  N2O4,  N2O4  containing  NO,  and  N2O4 
containing  small  quantities  of  HgO  have  been  initiated  and  are  discussed  in 
detail.  Preliminary  experiments  have  indicated  possible  candidate  coordinating 
agents  for  further  investigation.  A  flow  bench  designed  to  study  this  phenomenon 
is  being  constructed.  Design  considerations  are  discussed. 
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ah.  GROUP!  Automatic  dowsRedltp  ie  apeaified  la  OeO  DP 
reetive  5300, 1C  and  Are*!  Pareee  industrial  Mean  at.  later 
the  group  nuarier.  Ala  j,  win*  appUeabte.  skew  that  aptieaai 
marline*  have  heea  each  far  Oreep  1  cad  Group  4  m  setter* 


Rape**?  by  eeeerRy  eleaslOeetiee,  using 


ratified 


UMj  regy  atari  may  ehtale  rep  lee  at  this 


(a>  "Percies  at— aaaemaat  m 4  dtoeenlattlet  af  thte 
repeat  by  DOC  ie  net  osttetrieoA  ** 

(3)  "U  B  Oeaenmeat  spent  lee  sm  ehtale  eeetae  at 
this  ray  art  dhertiy  Ren  MIC.  Other  |uliM  DSC 


S.  REPORT  TITUS!  Sater  the  template  nyerl  tWla  Is  all 
capital  letter  a.  Tltlee  la  alt  eeeae  eheeld  be  raelaselAe^ 

U  a  awaehigM  title  aaaeat  he  attested  wtttoet  a'.taeUlae- 
ties,  shear  URe  daeetfleritoe  ie  aU  eapNeia  u  ysembesia 
lamedtataly  tellewtag  the  title, 

A  DWCRSPnv*  tsma.  'J  ‘'pprepriate,  asnr  the  '»a  at 
reyart.  as,  Marin,  prepress.  ataman,  aaaeaf,  ar  (last, 

Oi«a  the  tealealaa  idee  Rhea  a  epeeine  rapertlap  parted  Ie 
aevoreb. 

S.  AUTHOSdb  Eater  tea  aana<a)  el  euttar(a)  ae  thews  »» 
cf  la  the  repeat,  Saiar  Ism  neat,  it  at  sene.  middle  tetttal. 

If  nUltery,  shew  reek  sad  breaeh  el  sarvlea.  The  sene  at 
the  ptieripei  •other  la  aa  abeetate  nlaheee  repelamet* 

i,  REPORT  DATS*  Rater  the  dele  at  the  repeat  as  day, 
month,  year,  aa  matt*,  yeas  If  awae  thee  am  dale  aypeare 
an  tha  repeat,  aae  dele  ef  pwhlleatlee, 

7a.  TOTAL  NUMBER  OP  PAOBR  The  tatal  papa  aatuK 
ahauld  fills*  asmal  paeindlae  preeedwee,  La.,  eater  the 
aunbaa  ef  pa pea  aiatetesag  lafarmatlas, 

T>.  'MUMRSR  OP  RBP8RBWCBR  Inter  the  tatal  murier  ef 
lefaraaaea  eMett  b  the  repeal, 

Ie.  CONTRACT  OR  MART  NUMBER)  if  appraerlata,  edit 
im  applleehte  mmb<r  ef  the  aeatraet  cr  prwt  tender  which 
the  rapon  area  written, 

•b,  la,  h  to  PROJECT  NUMBS*  lalar  the  appaaprlate 
military  dapartneei  idsaUfieaUee,  euah  ae  preKrit  amber, 
atrip  reject  ms  trier,  syetew  earn  ban,  taah  etiariar,  eta. 

•e.  ORIGINATOR':  REPORT  NVMRBM&  Rater  tba  atttr 
oiet  rapaH  cumber  by  white  the  daeameat  trill  be  IdaT  tflei 
aed  ae  retailed  by  tba  aricteatlat  aetlvdy,  This  anribar  neat 
be  eclpue  ta  usla  rapert. 

I*.  OTHRR  REPORT  RUMBBMd):  If  the  repeat  hea  been 
•aalgnad  aay  ether  report  lumbers  i  at  that  by  the  eripiMtar 
at  by  Me  «pe*ea*A  else  aster  tbfa  eenbcKt). 

10.  AVAtt.ARR.rTY/1J10TAT10R  ROTtCER  Bstar  My  U» 
Ua.Una  ae  further  dlaaamleetlae  af  the  repeat,  eRwr  thee  thee 


(4)  "U.  8.  trilHiry  ipaailee  may  ehteto  aepiee  af  «Me 
ripen  db realty  ham  DOC.  Other  paaltBed  eaer* 
shall  >RMd  threeph 


(I)  "Alt  dttMhtrilee  af  this  rapert  Ie 
Ified  DSC  mn  shall  reamer  den 


If  the  reperi  hee  httee  fctrieked  to  the  Office  ef  Teeheteal 
•ttrtriaee,  Dapertmaat  ef  Ctmmeraa.  far  sale  te  the  perils,  laRL 
e«»  thte  feat  and  ester  the  price,  if  baatrs 

IL  fXfftaJMWTARY  K0T8R  Use  Ira  efdltleeaf  atpl aa» 


it  VONEOWSM  WUTARY  ACTIVtTYi  Eater  the  aeaw  ef 
the  dRiawawebil  yroleet  efBee  at  laheretary  apesoeriaa  ljsa»* 
«K!  leriths  rawereh  aed  derdapMWb  Rwhde  addream 

I).  AMTBACT:  Dhter  M  eiriReet  Raisa  a  brief  and  fhetael 
aemaury  at  Rea  daaeawei  kHeeUw  af  the  repart,  are*  thaugh 
It  aay  alee  appear  etaemhate  is  the  bed?  cf  Oe  lethal  ail  re- 
part.  If  idriUaeal  apeae  hi  lepalaad  a  eaethmetlae  aheet  shell 
be  attaahad. 


Thera  la  aa  UaUtattaa  aa  the  lesfth  ef  tba  ehstratt  Km- 
aver,  the  itpuwd  lessR  ta  freei  IN  M  III  tratda. 

Id-  REY  NRNi  Key  treads  era  wahalneUy  mainlspbil  tame 
ar  aheri  phiecee  that  Marsala  rise  a  rapert  aed  ^  ie  eeed  ae 
ledei  rs tries  far  aatsleplsp  Rw  rapert.  Be?  werRa  meat  he 
eeteeted  ae  that  oe  aaeertty  aleeetOaatlae  te  repehed.  UeeR* 
Rare,  eeeh  aa  aeslyaaat  medal  daalaiaMae,  usd*  etna,  erilhary 
prejeat  eada  same,  pipirili  taaatias,  awy  ha  e«td  m  pay 
wards  bet  adU  be  fa&awed  by  aa  ladtaaRas  af  teahaleal  tea- 
teat.  Ths  a ra I peana t  at  Uafes,  relee,  aed  weiRita  1a  aptteeei. 


at  aheri  phiecee  that  Marsala  rise  a  rapert  aed 
ledei  mmm  far  aatsleplsp  Rn  reperi.  Be?  werRa 
sateewd  ae  that  oe  aaeertty  sleaelReetUe  Ie  repel 
Rare,  eeeh  aa  Meiaweat  medal  daalMaRM,  warii 


